Pea (Pisum sativum L. cv Alaska) root tips were excised and cultured aseptically in White's medium. Cultures were treated immediately or after a 24 hour equilibration time with 28 nanomolar chlorsulfuron plus isoleucine and valine (each 0.1 millimolar), isoleucine and valine, or untreated. The percentage of mitotic figures in untreated control roots sampled immediately after excision showed a transitory drop and recovery within 24 hours (an excision effect). In chlorsulfuron-treated roots, the percentage of mitotic figures did not recover. In roots treated with chlorsulfuron plus isoleucine and valine, a complete recovery did occur. If roots were treated with chlorsulfuron 24 hours after excision, the percentage of mitotic figures was reduced to near 0 by 8 hours. In roots treated with chlorsulfuron plus isoleucine and valine, no reduction in mitotic figures occurred. The complete reversal of chlorsulfuron-inhibited mitotic entry by isoleucine and valine implicates these amino acids, in some manner, with the control of cell cycles progression.
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Chlorsulfuron is a new herbicide used to control weeds in cereal crops. This chemical is rather unique in that it is a highly specific growth inhibitor (3) that selectively inhibits the progression of cells through the cell cycle (5). In pea root tips, chlorsulfuron blocks cell cycle progression in both GI and G2 phases without interfering directly with mitosis or DNA synthesis (5).
Ray (4) Ile and Val totally reverse the inhibition of mitotic progression induced by chlorsulfuron.
MATERIALS AND METHODS
Pea seeds (Pisum sativum L. cv Alaska) were surface sterilized in commercial bleach for 5 min, poured on a sterile gauze extended over a large beaker, and rinsed with sterile distilled H20. Seeds were planted in sterile vermiculite and grown in the dark for 5 d at 26TC. Seedlings were removed and the 1 cm root tip excised and transferred into 50 ml of White's medium (10). Cultures were placed on a rotary shaker (50 rpm) at 26°C in the dark. In the first experiment, treatments were initiated immediately after excision, and in the second the roots were allowed to grow for 24 h before treatment. In both instances, chlorsulfuron at a final concentration of 28 nm, chlorsulfuron plus a 1:1 mixture of Ile and Val both at 0.1 mM, Ile and Val alone, and White's medium alone were used. Chlorsulfuron and the amino acids were prepared at higher concentrations and were filter sterilized into the culture medium to achieve the final concentrations.
Roots were sampled at intervals (4-5 per sample time) and fixed in absolute ethanol:glacial acetic acid (3: 1, v/v) for at least 2 h, hydrolyzed for 20 min at room temperature in 5 N HCl, and stained with Feulgen reagent. The 2-mm tips were squashed on microscope slides and scored for the percentage ofmitotic figures. All experiments were repeated twice, and at least 2000 cells from four roots were scored for each data point in each experiment. Standard errors of the mean were calculated for each point. 
DISCUSSION
The mode of action of chlorsulfuron includes inhibition of growth at low concentrations without significantly inhibiting protein or RNA synthesis (3). Ray (3) also speculated that chlorsulfuron inhibited cell division by interfering with some molecular event preceding mitosis. Rost (5) examined the cell cycle response of chlorsulfuron in pea root tips and determined that the cell cycle is blocked at both GI and G2. He also reported that although protein synthesis was not inhibited and RNA synthesis was only slightly reduced that chlorsulfuron could act by selectively inhibiting RNA synthesis specific to the cell cycle.
Ray (4) 
